The ability to control the strength of interaction is essential for understanding the mechanism underlying the quantum phenomena displayed by a correlated fermionic system. For example, the isotope effect served as an important experimental support for the electron-phonon mechanism of BCS theory of superconductivity [1, 2] . In addition, the ability to tune pairing strength in a fermionic cold atom system gives rise to a unique control of the crossover between the BEC and BCS regimes, uniting the strong and weak-pairing limits [3] . In this work, we report a new device geometry where the magic-angle twisted bilayer graphene is placed in close proximity to a Bernal bilayer graphene separated by a 3 nm thick barrier. Using charge screening from the Bernal bilayer, the strength of Coulomb interaction within the twisted bilayer can be continuously tuned. This enables transport measurement to probe the role of Coulomb interaction in various emergent quantum phenomena observed in the twisted bilayer. Our results indicate that both the insulating and superconducting phases at partial filling of the moiré band become less robust as Coulomb interaction is weakened by screening. This serves as direct evidence for the role of Coulomb interaction in stabilizing the superconducting phase. In addition, the effect of Coulomb screening provides important constraints for theoretical models aiming to accurately describe the mechanism and the nature of superconductivity in magic-angle twisted bilayer graphene.
The discovery of superconductivity in magic-angle twisted bilayer graphene (tBLG) has raised intriguing questions regarding the nature of superconducting order parameter [4] [5] [6] . The coexistence of the correlated insulator (CI) and superconducting phase is compared with cuprate materials, leading to suggestions that the superconducting phase arises from an unconventional origin [4, [7] [8] [9] [10] [11] [12] [13] [14] [15] . On the other hand, the more recent observations of superconductivity in the absence of correlated insulator appears to indicate that superconductivity arises through the electron-phonon coupling [16, 17] , an interpretation that is backed by a range of theoretical models [18] [19] [20] . However, there is little agreement upon the origin of the superconducting states despite intense effort, owing to the lack of direct experimental evidence.
It has long been recognized that the role of Coulomb interaction is essential to determining the nature of superconductivity. For a conventional superconductor, electron-phonon coupling competes against Coulomb repulsion in stabilizing superconductivity at low temperature [21, 22] . As such, a weaker Coulomb repulsion will lead to more robust superconducting order parameters. On the other hand, an unconventional superconducting phase arises from an all-electron mechanism, where the order parameter strengthens with increasing Coulomb interaction [7, 8] . While tunability in electron-phonon coupling has been demonstrated using the isotope effect [1] , it remains an experimental challenge to directly control Coulomb interaction within a superconductor without introducing additional changes to the material. The flexibility of the van der Waals technique offers a unique opportunity to control Coulomb interaction in magicangle twisted bilayer structure using proximity screening [16, 17, 23] , which promises to shed light on the nature of superconductivity.
A major road block for addressing the mechanism underlying the superconducting phase is the vastly different behavior between tBLG samples near the magic-angle, which may result from the spatial inhomogeneity of the moiré pattern [24] [25] [26] . The variation between different samples makes it difficult to provide self-consistent constraints for a theoretical model. This obstacle is addressed in this work by tuning the strength of Coulomb interaction in a single device using screening, while studying the response in both the CIs and the superconducting phase using transport measurement. We utilize a novel hybrid double-layer structure, where a Bernal bilayer graphene (BLG) and a magic-angle twisted bilayer graphene (tBLG) are separated by a thin insulating barrier with thickness of ξ = 3 nm, as shown in Fig. 1a . The close proximity allows charge carriers from BLG to screen Coulomb interaction in the tBLG, offering direct control on the nature of electron correlation in the moiré flat band. Charge carrier density in BLG and tBLG, n BLG and n tBLG , can be independently controlled by varying the applied voltage to the top and bottom graphite gates, V top and V bot (see Method section for more details). A perpendicular electric field, D, can be induced by applying a voltage bias across two layers V int , providing experimental control of the energy gap in BLG [27] [28] [29] . The independent control of n BLG , n tBLG and D BLG makes it possible to continuously vary the strength of Coulomb Rxx as a function filling fraction in tBLG ν, measured at D = −90 mV/nm and nBLG = 0 with varying temperature. (e) Temperature dependence of Rxx for the superconducting phase at optimal doping of ntBLG = −1.50 × 10 12 cm −2 . The dashed line corresponds to a fit to the normal state resistance, and the dotted line 50% of normal state resistance. Transition temperature is defined at the point where Rxx is 50% the normal state resistance value, marked by the black arrow.
screening by changing BLG from fully insulating at large D BLG and n BLG = 0 to highly conductive at large n BLG (see supplementary information for theoretical calculation of Coulomb screening in a hybrid double-layer structure). As such, the hybrid double-layer structure provides a unique and versatile experimental platform to study and manipulate the nature of electron correlation in the magic-angle tBLG, which promises to shed light on the underlying mechanism of the superconducting phase.
Individual components of the hybrid double-layer, BLG and tBLG, are independently characterized using transport method as a function of charge carrier density n and displacement field D. peak at the neutrality point which grows more insulating with increasing D-field, as shown in Fig. 1b . Three distinct regimes are identified in the parameter space which are marked by blue, red and green circles: (i) at n BLG = 0 and large D, a large energy gap is induced near the CNP and BLG is fully insulating (blue circle ); (ii) at n BLG = 0 and D = 0, BLG is conductive owing to the gapless energy structure (red circle); (iii) BLG is highly conductive at large n BLG (green circle). Since the strength of Coulomb screening is correlated with the conductivity of BLG, it can be continuously controlled as n BLG and D BLG are varied between these three regimes.
The transport response of tBLG, as a function of D tBLG and n tBLG , is shown in Fig. 1c . The boundaries of the moiré flat band are defined by the emergence of insulating states at n tBLG = ±2.59 × 10 12 cm −2 , which are shown at the top right and bottom left corner of Fig. 1c , indicate that the twist angle is θ = 1.06 o . A normalized density scale, marked by red arrows, is defined to describe partial filling ν of the moiré band based on the 4-fold degeneracy of spin and valley degrees of freedom for both electron and hole type carriers. Apart from the charge neutral point (CNP), a series of resistive features emerge at ν = ±2, +1 and +3, which are the CI states unique to the moiré flat band [4] [5] [6] . We note that the D-field has little to no consequence on the transport behavior of tBLG based on the CIs, which is consistent with the theoretical prediction of strong interlayer hybridiza- tion [30] [31] [32] . This insensitivity eliminates D-dependence in transport measurement arising from disorder concentrated on one graphene layer [5] . Additionally, both BLG and tBLG in the hybrid double-layer structure exhibit charge carrier inhomogeneity of δn < ±2 × 10 10 , measured by the divergent Hall resistance peaks at a small magnetic field B = 0.15 T. The excellent sample quality offers a pristine environment to examine the effect of Coulomb screening with high sensitivity.
First, we examine the transport response in tBLG that is intrinsic to electron correlation within the moiré flat band, to establish a point of reference. This can be achieved by tuning BLG to be fully insulating at n BLG = 0 and D = −90 mV/nm, thereby minimizing the Coulomb screening from BLG. Fig. 1d plots R xx of tBLG over the full filling range of the moiré flat band, measured with varying temperature. A robust regime of superconducting phase is observed at low temperature, evidenced by R xx dropping to zero within the noise band of the measurement. At the optimal doping of around n tBLG = −1.50 × 10 12 cm −2 , the transition temperature T c is shown to be 2.25 K, Fig. 1e , which is in line with previous observation in tBLG with similar twist angle [17] . In addition, CIs exhibit thermally activated behavior. An energy gap ∆ can be extracted from the slope of the Arrhenius plot, providing a measure for the strength of the CI state. For example, the energy gap of the CI at ν = 2 is shown to be ∆ ν=2 ∼ 25 K in Fig. 2c , which is significantly larger than previous observation [5, 6, 9, 16, 17] , which can be contributed to high sample quality.
The robust CI and superconducting states in Fig. 1d establish an excellent starting point, from which Coulomb screening can be introduced by tuning two independent experimental knobs: carrier density in BLG n BLG and displacement field D BLG . At D BLG = 0, BLG is conductive over the entire density range owing to the gapless energy band. As a result, Coulomb screening from BLG remains strong and insensitive to n BLG . This is confirmed in Fig. 2a , where the transport behavior of the CI and the superconducting phase exhibit no change over a large range of n BLG (see Fig. SI9 for ∆ µ=2 as a function of the n BLG at D BLG = 0). On the other hand, Fig. 2b shows that the effect of Coulomb screening can be sensitively controlled with n BLG at large D BLG : the CIs is more resistive and a larger superconducting regime is observed when BLG is fully insulating with fermi level lying inside the energy gap induced by D BLG . In the following, we will quantitatively examine the effect of Coulomb screening on both the CI and the superconducting phase, by studying the dependence of transport behavior on D BLG and n BLG . It is worth noting that controlling n BLG and D BLG have different effects on the nature of Coulomb screening (see SI for more detailed discussion). Therefore, studying the influence of both parameters promises to provide a more thorough characterization for the nature of correlation in tBLG. and n BLG . The temperature dependence of R xx at ν = 2 exhibits thermally activated behavior with strong D BLG dependence, as shown in Fig. 2c . Over the temperature range in Fig. 2c , BLG remains insulating at n BLG = 0 and D BLG = 0, ensuring that the strength of Coulomb screening from BLG is controlled only by D BLG while remaining insensitive to temperature (see SI for temperature dependence of transport response in BLG). Fig. 2d demonstrates that the energy gap ∆ ν=2 is larger when BLG is more insulating at larger D BLG . Similar behavior in ∆ ν=2 is observed as a function of n BLG in Fig. 2e . Since CIs at integer filling arise from Coulomb correlation within the moiré flat band [9, 30, 33, 34] , the trend in ∆ ν=2 provides strong evidence that electron correlation in tBLG is directly tunable using Coulomb screening in a double-layer structure: screening from the BLG decreases as BLG becomes less conductive, leading to stronger Coulomb interaction and an enhanced energy gap for the CI states. Not only does this observation show excellent agreement with theoretical models regarding the effect of Coulomb screening (see SI for more detailed theoretical discussion), it provides an important reference for studying the nature of superconductivity in tBLG using Coulomb screening from BLG.
The observations in Fig. 2d -e have a few important implications: (i) Fig. 2d shows that ∆ ν=2 is symmetric around D = 0, which eliminates the more trivial expla-nation that the D-dependence in ∆ ν=2 arises from inhomogeneous distribution of disorder across two graphene layers; (ii) a minimum in ∆ ν=2 is observed in Fig. 2e near the band edge of BLG, n BLG ∼ 2 × 10 11 cm −2 . This suggests that Coulomb screening is the strongest when the fermi level of BLG is near the van Hove singularities where the density of states is the largest [35, 36] ; (iii) the value of ∆ ν=2 remains large in the presence of strong Coulomb screening, suggesting that the CI cannot be fully suppressed by Coulomb screening alone [16] .
Having established the effect of Coulomb screening on CIs, we turn our attention to the superconducting phase in tBLG. The temperature dependence of R xx near the transition exhibits an apparent shift with varying carrier density in BLG n BLG , while the normal state resistance at T > T c remains unchanged, as shown in Fig. 3a . This indicates that Coulomb screening directly couples to the underlying mechanism of superconductivity. Fig. 3b and c show that T c as a function of n BLG closely follows the conductance of BLG: T c is enhanced (suppressed) when BLG is fully insulating (conductive). Similar behavior in T c is observed when Coulomb screening is tuned with varying D field at n BLG = 0. Starting from D = −90 mV/nm and n BLG = 0, T c is increasingly suppressed with decreasing D as the energy gap of BLG near the CNP becomes smaller, as shown in Fig. 3d (see SI for the evolution of energy gap in BLG versus D BLG ). Since Coulomb screening is stronger (weaker) when BLG is more conductive (insulating), the trend in T c as a function of n BLG and D BLG indicates that a more robust superconducting phase results from stronger Coulomb correlation within the tBLG. We note that the trend in T c is insensitive to the detail of how T c is defined, given the systematic shift in the temperature dependence of R xx (see SI for comparison between the shift in R xx induced by varying D BLG and n BLG ). Interestingly, T c is suppressed the most as BLG transitions from fully insulating to conductive with increasing carrier density. A similar response near the band edge of BLG provides further evidence that changes in ∆ ν=2 of the CI and T c of the superconducting phase both result from the influence of Coulomb screening. In addition, it confirms that the effect of Coulomb screening is the strongest in the presence of large density of states in the screening layer.
Apart from transition temperature T c , the magnetic field B and current bias I dependence of the superconducting phase offers further characterization for the effect of Coulomb screening. Fig. 4a plots the density-magnetic field phase diagram, where the superconducting phase is shown as dark blue in the chosen color scale. When BLG is conductive at D = 0, both the density and B-field range for the superconducting phase is reduced as compared to n BLG = 0 and D = −90 mV/nm, where the BLG is fully insulating. Similarly, the critical current of the superconducting phase at optimal doping is reduced at smaller D compared to D = −90mV/nm, as shown in Fig. 4b . The magnetic field and current bias dependence provide a more thorough characterization of the superconducting phase, confirming the role of Coulomb interaction in stabilizing superconductivity in tBLG.
Lastly, we examine the influence of Coulomb screening on the normal state resistance in tBLG. Above the transition temperature T c , Fig. 4c shows that R xx at optimal doping exhibits linear-in-T behavior over a large temperature range, 10 < T < 30 K. Most intriguingly, the slope of R xx in the T -linear regime remains constant as the strength of Coulomb screening is modified by varying D BLG and n BLG (Also see Fig. SI8 ). It has been suggested that the slope of the T -linear regime is associated with the strength of quasielastic electron scattering off acoustic phonon modes [37, 38] . Within this interpretation, the constant slope would indicate that the strength of acoustic electron-phonon coupling is not influenced by Coulomb screening.
Taken together, our results provide several important constraints for theoretical models aiming to accurately describe superconductivity in magic-angle tBLG. The effect of Coulomb screening described in this work seems to point towards superconductivity driven purely by Coulomb forces among electrons, although we cannot exclude an electron-phonon mechanism, with the superconducting order parameter somehow strengthened by the Coulomb interaction. In addition, we note that the influ-ence of Coulomb screening is quantitatively stronger on the relative increase of the energy gap of CI (∼ 20−30%) compared to the relative increase of T c of the superconductor (∼ 6 − 7%). Understanding this quantitative difference is an open challenge for theory.
SUPPLEMENTARY MATERIAL

Screening of the Coulomb interaction due to the Bernal bilayer
The interaction among the electrons in the twisted bilayer is modified due to the presence of the Bernal bilayer. The Hamiltonian for the combined system is
where r and r are 2D position vectors, n 1 (r) is the electron density in the twisted bilayer, and n 2 (r) is the electron density in the Bernal bilayer. The intra-layer Coulomb interaction is
and the inter-layer Coulomb interaction for the two layers separated by distance ξ is
To find the effective interaction within the twisted bilayer, we write the coherent state Feynman path integral action corresponding to H int , Hubbard-Stratonovic decouple the intra-layer interaction in the Bernal bilayer, and integrate out the fermions in the Bernal bilayer and expand the result to quadratic order. Finally, we integrate out the Hubbard-Stratonovic field and obtain the static interaction
where the q-dependent dielectric constant of the Bernal bilayer can be related to its static polarization function Π 0 q as AB (q) = 1 + 2πe 2 |q| Π 0 q . To gain a qualitative understanding of the above result, consider first the case when the Bernal bilayer is gated to a finite carrier density and thus acts as a metal. Then, Π 0 q→0 → const. and the dielectric constant diverges as q → 0. The effective interaction potential in momentum space then precisely corresponds to the real space potential produced by the test charge and its mirror image a distance 2ξ above the twisted bilayer as it should. On the other hand, when the Bernal bilayer is insulating, Π 0 q→0 ∼ q 2 and the long distance effective interaction is unchanged by the presence of the Bernal bilayer.
A more quantitative determination of the V ef f (r) requires a microscopic calculation of Π 0 q . We start with the low energy Hamiltonian for the electrons near the two valleys [39] labeled by τ z = ±1 acting on the basis (ψ B2 , ψ A1 , ψ B1 , ψ A2 ) as
For polarization function we need
where the Matsubara frequency ω n = (2n + 1)πk B T and the matrix Green's function is
Because the H 2 AB is more easily invertable, we can find the G k (ω n ) by first inverting ω 2 n +H 2 AB and then left multiplying the result by iω n + H AB . We find
where the four eigenenergies are
for s = ±1, and
Finally, including the spin and valley degeneracy:
where the projector on the individual eigenstates is
We can rescale all the energies by γ 1 which allows us to rewrite the polarization function via a scaling function Φ as
We determine Φ by numerically performing the integral (11) . The static dielectric function is then
Writing the exponential screening factor in Eqn.(4) using scaling variables, we get
For ξ = 3nm, γ 1 = 0.3eV , and v F = 10 6 m/s, we have 2 γ1ξ v F = 2.735; we also set hBN = 4.4. In the Figure 1 we place the chemical potential µ at the CNP and vary the gap ∆ of the Bernal bilayer from 0meV to 30meV. We see that the reduction of the repulsive interaction in the twisted bilayer is minimized when the CNP gap of the Bernal bilayer is maximized. In Figure 2 we set ∆ = 30meV and vary the carrier concentration, moving the chemical potential from the middle of the gap to 15meV above the conduction band minimum. We see that the reduction of the repulsive interaction in the twisted bilayer is minimized when the chemical potential sits in the gap of the Bernal bilayer. We also see that the interaction is almost independent of the filling of the Bernal bilayer once it is conducting. Remarkably, the maximal increase in the superconducting T c as well as the gap of the correlated insulator correspond to the strongest Coulomb repulsion V ef f q i.e. the minimal reduction of V q .
Sample fabrication
The tBLG in the hybrid double-layer structure is assembled using the "cut-and-stack" technique [17] , instead of the "tear-and-stack" technique [9, 40] 
. Left panel: the reduction factor as a function of dimensionless wavevector q at low temperature; γ1 ≈ 0.3eV is the direct interlayer tunneling defined in Eqn. (5) . The series of curves shows the evolution from semimetallic Bernal bilayer ∆ = 0 (top curve) to progressively more insulating Bernal bilayer as ∆ is varied in steps of 5meV, ending with the Bernal gap at 30meV (bottom curve). Right panel: The dielectric reduction factor without the exponential. 
. Left panel: the reduction factor as a function of dimensionless wavevector q at low temperature compared to the gap. The series of curves shows the evolution from the insulating Bernal bilayer (red curve) to conducting (blue), as the chemical potential is varied in steps of 3meV, starting from being in the middle of the Bernal gap (set to 30meV), to being 15meV above. Right panel: the dielectric reduction factor without the exponential; the 2kF features in the metallic curves are also visible.
Transport measurement
The device geometry of the hybrid double-layer structure allows independent control of carrier density in Bernal BLG and tBLG, n BLG and n tBLG , as well as displacement field D. Such control is achieved by applying a DC gate voltage to top graphite electrode V top , bottom graphite electrode V bot , along with a voltage bias between BLG and tBLG V int . n BLG , n tBLG and D can be obtained using the following equations: where C top is the geometric capacitance between top graphite and BLG, C bot the geometric capacitance between bottom graphite and tBLG, and C int the geometric capacitance between BLG and tBLG. n 0 BLG and n 0 tBLG are intrinsic doping in BLG and tBLG, respectively. Transport measurement is performed in a BlueFors LD400 dilution refrigerator with a base temperature of 15 mK. Temperature is measured using a resistance thermometer located on the sample probe. Standard low frequency lock-in techniques with Stanford Research SR830 amplifier are used to measure resistance R xx and R xy , with an excitation current of 0.6 − 1 nA at a frequency of 17.77 − 43.33 Hz. The energy gap at D = 90 mV/nm is much larger than 177 K. It is not shown here due to the high temperature range required for such measurement.
